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INTRODUCTION

     The  po ten t ia l  f l iud  exchange  be tween  lakes  o f  nor thern
Flor ida  and  the  F lor idan  aqu i fe r  and  the  p rocess  by  which
exchange  occurs  i s  o f  c r i t i ca l  concern  to  the  S t .  Johns  River
Water  Management  Dis t r i c t  (SJRWMD).   High- reso lu t ion
se ismic  too ls  wi th  re la t ive ly  new d ig i ta l  t echnology  were  u t i -
l i zed  in  co l lec t ing  geophys ica l  da ta  f rom >  40  lakes  and
r ivers .   The  da ta  co l lec ted  shows  the  app l ica t ion  of  these
techniques  in  unders tand ing  the  fo rmat ion  of  ind iv idua l  l akes
and  r ivers ,  thus  a id ing  in  the  management  o f  these  na tura l
resources  by  iden t i fy ing  breaches  or  a reas  where  the  conf in-
ing  un i t s  a re  th in  o r  absen t  be tween  the  wate r  bod ies ,  the
In te rmedia te  aqu i fe r  and  the  F lor id ian  aqu i fe r .
     Th is  s tudy  was  a  coopera t ive  inves t iga t ion  conduc ted
f rom 1993 to  1996  by  the  SJRWMD and U.S .  Geologica l  Sur -
vey  Cente r  fo r  Coas ta l  Geology  (USGS) .   S ince  1989  there
have  been  techn ica l  and  hardware  advances  in  the  d ig i ta l
acqu is i t ion  o f  h igh- reso lu t ion  se i smic  da ta .   The  pr imary
objec t ive  of  th i s  coopera t ive  was  to  t es t  newly  deve loped  d ig-
i ta l  h igh- reso lu t ion  s ing le -channel  mar ine  se i smic  cont inu-
ous-prof i l ing-equipment  (HRSP)  and  app ly  th i s  t echnology  to
iden t i fy  subbot tom fea tures  tha t  may  enhance  leakage  f rom
se lec ted  lakes  and  the  S t .  Johns  River .   The  ta rge t  fea tu res
inc lude :   (1 )  iden t i fy ing  ev idence  of  breaches  or  d i scont inu i -
t i es  in  the  conf in ing  un i t s  be tween  the  wate r  bod ies  and  the
aqui fe r ,  and ;  (2 )  iden t i fy ing  a reas  where  the  conf in ing  un i t  i s
th in  o r  absen t .

T h e  e q u a t i o n  u s e d  t o  c o n v e r t
T w o - W a y  T r a v e l  T i m e  i s  a s  f o l l o w s :

D  =  ( T W T / 2 )  x  ( V )  x  ( . 0 0 1 )
W h e r e  :

D  =  D e p t h  i n  m e t e r s
T W T  =  T w o  W a y  T r a v e l  T i m e  i n  m i l l i s e c o n d s
V  =  V e l o c i t y

( 1 5 0 0  m e t e r s  p e r  s e c o n d  i s  u s e d  h e r e )

V A R I A T I O N S  I N  V E L O C I T Y

G e o l o g i c  U n i t                     C o m p r e s s i o n a l       M e t e r s
              V e l o c i t y  ( f t / s e c )

U n c o n s o l i d a t e d  s a n d s    1 , 1 3 0  -  1 , 2 8 0       6 8 9  -  7 8 0
H a w t h r o n  G r o u p
      c l a y  &  s a n d y  c l a y    2 , 8 0 0  -  5 , 8 0 0      1 7 0 7  -  3 5 3 7
      l i m e s t o n e    6 , 2 0 0  -  8 , 1 0 0      3 7 8 0  -  4 9 3 9
O c a l a  L i m e s t o n e   2 , 4 0 0  -  1 1 , 0 0 0     1 4 6 3  -  6 7 0 7
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1

Undisturbed section, with or without
upper non-reflective sand layer.   Sand
layer may show reflection where cross
bedding from original deposition
(fluvial or aeolian) exits.  Clay layers
are mostly intact.

2

Undisturbed section with areas
obscured by noise created by muck or
aquatic vegetation dispersing the
acoustic signal.
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3

Horizontal reflectors continuous on
either side of a central non-reflective
zone.  Horizontal layers bend down-
ward towards the central zone.  These
features  are representative of filled
collapse sinks.  The size may range
from tens of meters to kilometers
across a lake basin.
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4

Low angle, subsidence depressions.
Parallel reflectors are relatively intact.
Horizontal reflectors onlap onto the
subsided parallel reflectors and repre-
sent deposition during subsidence.
These can be large basin size features
or tens of feet.

l s .

5

Numerous small features with high
angle reflectors dipping toward their
center.  These features may represent
localized collapse sinks or filled solu-
tion pipes.

6

High-angle reflector with no overlying
return.  Represents a collapse sink that
may be associated with a subsurface
cavity.  Walls are steep and typically
less than 50 meters in diameter.

8

Near vertical discontinuities through
parallel, horizontal reflectors with lit-
tle vertical displacement.  Represents
fractures or small tension faults due to
overburden slumping into sinks.

7

Mid- to high-angle parallel reflectors
with indications of vertical displace-
ment and rotation.  Feature may be
buried by overburden.  Represents
blocks from the sides of collapse sinks
that have slumped into the sink.

Low- to mid-angle subsidence
depressions. Parallel reflectors have
undergone displacement and rotation,
creating stress fractures and faulting
within the depression.  The subsid-
ence may or may not be filled with
overburden.
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M E T H O D S

     In  coopera t ion  wi th  SJRWMD the  USGS acqui red  and
upgraded  a  d ig i ta l  se i smic  acquis i t ion  sys tem.   The  El ics
Delph2  High-Reso lu t ion  Se i smic  Sys tem was  acqui red  wi th
propr ie ta ry  hardware  and  sof tware  running  in  rea l  t ime  on  an
Indus t r i a l  Computer  Corp .  486 /33  PC.   Hard-copy  da ta  was
d isp layed  on  a  g ray  sca le  the rmal  p lo t te r .   Dig i ta l  da ta  was
s tored  on  a  rewr i tab le  Magneto-Opt ica l  compact  d i sk .   Navi -
ga t ion  da ta  was  co l lec ted  us ing  a  Tr imble  GPS or  PLGR
(Rockwel l )  GPS.   GeoLink  XDS mapping  sof tware  was  used
to  d i sp lay  nav iga t ion .
     The  acous t ic  source  was  the  Huntec  Model  4425  Se i smic
Source  Module  and  a  ca tamaran  s led  wi th  an  e lec t romechani -
ca l  dev ice .     Occas iona l ly ,  an  ORE Geopulse  power  supply
was  subs t i tu ted  fo r  the  Huntec  Model  4425 .   Power  was  se t  a t
60  jou les  or  135  jou les  depending  upon  condi t ions .   An Inno-
va t ive  Transducers  Inc .  ST-5  mul t i -e lement  hydrophone  was
used  to  de tec t  the  re tu rn  acous t ica l  pu l se .   Th is  pu l se  was  fed
d i rec t ly  in to  the  E l ics  Delph2  sys tem for  s to rage  and
proces s ing .
     For ty - four  l ine -km of  HRSP da ta  was  co l lec ted  f rom Lake
Diss ton .   A  ve loc i ty  o f  1500  mete rs  per  second  (m/s )  was
used  to  ca lcu la te  a  depth  sca le  for  the  se i smic  prof i les .   Mea-
sured  s i t e  spec i f i c  ve loc i ty  da ta  i s  no t  ava i lab le  fo r  these
s i t e s .
     These  surveys  were  conduc ted  in  par t  to  t es t  the  e f fec t ive-
ness  o f  sha l low-wate r  mar ine  geophys ica l  t echn iques  in  the
f reshwate r  l akes  o f  cen t ra l  F lor ida .   Acquis i t ion  techn iques
were  s imi la r  bu t  modi f ica t ions  were  necessa ry .   Da ta  qua l i ty
var ied  f rom good  to  poor  wi th  d i f fe ren t  a reas  and  vary ing
condi t ions .   As  acquis i t ion  techn iques  improved  so  d id  da ta
qua l i ty  in  genera l .   In  many  a reas  an  acous t ic  mul t ip le
masked  much  of  the  sha l low geo log ic  da ta .

Phys iog raphy

     Lake  Diss ton  i s  in  the  ex t reme southwes te rn  corner  of  F la -
lger  County ,  F lor ida .   The  lake  i s  loca ted  eas t  o f  the  sou thern
t ip  o f  the  Cresen t  Ci ty  Ridge  and  nor thwes t  o f  the  nor thern
t ip  o f  the  Deland  Ridge .   I t  i s  pa r t  o f  the  Paml ico  Ter race .
Lake  e leva t ion  a t  the  t ime  of  the  se i smic  survey  was  ~4 .26  m
(14  f t )  NVGD.   Lake  Diss ton  i s  ova l  shaped  ~  4 .2  x  2 .4  km
wi th  a  o f  per imete r  28  km and  the  sur face  a rea  45 .6  sq  km.
Average  wate r  dep th  dur ing  the  survey  was  1 .5  to  1 .8  m (5  -  6
f t ) .  The  lake  i s  su r rounded  by  a  p la in  wi th  ~20  f t  average
e lava t ion  and  bordered  on  the  nor th  by  marsh  assoc ia ted  wi th
Li t t l e  Haw Creek  and  woodland  to  the  sou th .

GEOLOGIC CHARACTERIZATION

     Lake  Diss ton  i s  charac te r ized  by  severa l  se i smic
ref lec t ions .   The  subs idence  to  the  eas t  i s  a  ca tegory  3  se i s -
mic  charac te r  (Prof i l e  A-A ' ;  Contour  Maps ;  and  Explana t ion) ,
whi le  the  wes te rn  par t  o f  the  lake  has  severa l  combined  ca te -
gor ies  3  and  9  (3 ,9 ) .   The  3 ,9  a re  smal l  ind iv idua l  depress ions
descr ibed  as  f rac tured  above  and  nonref lec t ive  be low.   Prof i l e
B-B '  i s  an  example  o f  4 ,9  wi th  in f i l l  above  and  f rac tu re
be low.   Subsur face  Prof i le  C-C '   shows  tha t  the  la rge  subs id-
ence  has  had  con t inuous  f i l l ing  wi th  s lower  subs idence ,
a l lowing  the  depress ion  to  in f i l l .
     Logs  f rom wel l s  in  the  a rea  have  shown the  dep th  to  the
top  of  the  Oca la  L imes tone  to  be  -9  to  -18  m ( -30  to  -60  f t )
NVGD.   Not  knowing  the  ac tua l  ve loc i t i es  o f  the  subs t ra te
has  no t  a l lowed  us  to  abso lu te ly  p ick  th i s  re f lec to r .   Us ing
the  geomtry  o f  the  un i t s  f rom the  se i smic  p rof i l es  we  have
iden t i f i ed  the  conf in ing  layer  (Hawthron  Group?)  and  the  top
of  the  l imes tone  (Ocala  Limes tone?) ,  Prof i le  B-B ' .       
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